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BTCHIWG APPAMTO 

The present inventicm relates to an etching apparatus, and more particularly, to an 
etching apparatus for manufacture of a liquid crystal display (LCD). 

An LCD uses a liquid crystal screen formed by coupling a first glass substrate 
having display or switching elements and a second glass substrate having color filters, hi 
order to form such elements on the first glass substrate, metal layers, insulatixig films, and 
amorphous silicon layers are deposited cm the first glass substrate and are patterned several 
times. The majority of LCD panels udlize a glass substrate since die glass substrate is 
transparent, can be processed itt a temperature of up to about 400 *C, and eaaly avail^Ie. 
However, the glass substrate has a high density and is bas^t. In the course of processes 
described above, the glass substrate is exposed to temperatures that vary &om room 
teizq)erature to 300 *C, and accordingly, it may be damaged due to resultant physical 
and/or thermal stresses. 

LCDs should be formed as thin and light as possible, but facton such as described 
above, limit the thinning of the glass substrate (currently, it is possible to reduce the 
thickness of a single glass substrate down to 0.7 mm, for example). Further, since the 



thinning of the glass substrate is more limited as the size of the glass substrate increases, 
it is very important to solve the problem in view of the current trend of increasing the size 
of the glass substrate (at present, the size is increased from 300 by 400 mm to 370 by 470 
mm, and further^ to 550 by 650 mm). 

Recently, an alternative approach has been proposed for solving diis problem. A 
thick glass substrate is used at the beginning of the process in order to prevent the 
substrate from breaking, and dien the thick glass substrate is thinned at a later stage. That 
is, after upper and lower glass substrates are prepared by forming, for example, switching 
elements and color filters on the respective glass substrates and then sealed to each other, 
die resultant panel is diinned by removing portitwis of die outer surfaces of the substrate. 
Since the above process sequence can decrease die breakage rate of die glass substrates 
and die defect ratio of die elemcnKi it is possible to improve die production yield of 
LCDs. 

Two mcdiods are available to diin die glass substrate: a mediod using polidiing 
powder for physically grinding die substrate and a mediod using add solutions for ttching 
the substrate. 

An etching apparatus for wet etching includes a loader for loading a cassette, in 
which multiple sealed panels are vertically inserted in die slots dierein in order to fecilitate 
transfer of die panel, and an etch badi for use in die etching process of die sealed 
substrates using an etchant after moving die cassette from die loader to die etch badi. The 
etching apparatus finther has a rinse badi for use in die cleaning process of die substrate 
after moving die etdi-processed cassette from die etch badi to die rinse badi, a dry badi 
for use in die drying process of die substrate after moving die cleaned cassette from die 
rinse badi to the dry badi, and an unloader for use in unloading die dried cassette from die 
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diy bath to a site for conveying the substzates to other pxocess apparatus. In the etch 
apparatus, the transfer of the cassette is automatically performed by an automatic 
conveying system. 

FIG. 1 iUustrates a conventional etching apparatus, which shows only an etch bath 
and parts directly related to the wet etching process of the substrate. 

In the conventional etch apparatus as shown in Fig. I, the etch bath 20 has an 
inner qiace in which a cassette can be positioned, and is connected to an ecchant diluting 
tank 12 for supplying an etchant via an etcham inlet pipe 21. A bubble generating plate 
27, which generates nitxogen bubbles for unifoimly stirring the etchant, is installed at the 
bottom of the eich bath 20 and connected to a nitrt>gen supply line S2 via a nitrogen inlet 
pipe 22. 

An HF supply barrel 11 fc^ supplying undiluted HP solution as the etchant is 
connected xo the etchant diluting tank 12 via an undiluted HF inlet pipe 16. Deionized 
water (D. L water) supply line 51 is also connected to the etchant diluting tank 12 via a 
pure water inlet pipe 17. 

Hie oodec pipe 19 ol.ibe etchant diluting tank 12 and the outlet pipe 2 of the erch 
bath 20 are connected to a discharging line 53 for disposing. On/off valves VI, V2, V3, 
V4» and V5 are installed on the respective inlet pipes and oudet pipes, so that the flow of 
the fluid including the D. L water and the etchant can be controlled. A concentration 
measuring unit 15 is provided for measuring the concentration of the etchant in the 
etcham diluting tank 12. 

Hie etching process using the conventional etching apparatus above will be 
explained. First, a cassette is positioned on the loader (not shown). TTie valve VI on the 
undiluted HF solution inlet pipe 22 is opened and dien a pump PI is activated, so that die 



undiluted HF solution in the HF solution baitel 1 1 is supplied to the etchant dUuting tank 
12. At the same time, the valve V3 in the D.L water inlet pipe 17 is opened to supply the 
D. L water in the D. L water supply line 51 to the etchant diluting tank 12. As a result, 
the undiluted HF solution is diluted widi the D. L water. At diis time, the etchant of a 
predetennined concentration is prepared by controlling the amounts of both HF solution 
and D. L water. Tlie concentration of the etchant prepared is measured by the 
concentration measuring unit 15 in the etchant diluting tank 12. 

When the preparation of the etchant is completed, the supply of the HF solution 
and D. L water is stopped, and the valve V2 on the etchant inlet p^ 21 is opened. Then, 
a punq) P2 is activated to fill the etch bath 20 with the etchant. Hiereafter, the cassette on 
the loader is dipped into the etch bath 20 to stan the wet etch process of the glass 
substrates in the cassette. At this time, nitrogen gas is supplied into the etch bath 20 via 
the bubble graeiating plate 27 to enhance die etch process. The nitrogen gas is supplied 
through the bubble generating plate 27 to generate bubbles in the etchant and stir the 
etchant. The nitrogen gas is continuously supplied to the etchant through the nitrogen 
inlet pipe 22 connected to the nitrogen sui^ly line 52 so that the stirring of the etchant 
can be continued throughout die etch process. When the time period set at the etching 
apparatus for etching the glass substrates is lapsed, the etching process of die glass 
substrates is stopped. The time period for etching the glass substrates is adjusted in 
accordance with the concentration of the etchant and the thickness of die glass substrate. 

Next, another cassette (not diown), in which the glass substrates are loaded in the 
slots thereof, is moved into the etch bath, and die same process is performed. Thereafter, 
the subsequent etching step is perfomied. The residual etchant used in each etching 



process is guided into die discharging line 53 duough die oudet pipe 2 of die etch badi 20 
and then disdiarged ootside. 

The glass substrate etched by the etchant is composed of oxides, such as SiOj, 
BaO, CaO or AljO, in its amoiphous state, for example. The HF solution used as die 
etchant dissolves only SiO^, a main component of die glass substrate, when it is reacted 
with the glass substrate. The conoesponding reaction equation is as follows: 

SiO, + 4HF-SiF2r +2HiO 
Since die rest of die oxides are not dissolved in die HF etchant, diey exist in die etchant 
in die fcMm of particles. As a result, die residual etchant discharged ftom die etch bath 
includes die HF solution of low concentradcHi and many oxide particles resulting from die 
chemical reaction of die etchant widi die SiO, components of die glass substrates. 

Tlie ccxiventicaial etching apparatus discharges aU die residual etchant used in die 
etching process dnougfa die discharging line, and die HF solution inchided in the residual 
etchant is not used again. Fimhcr, since die improperly handled HF solution may cause 
pollution, die discharged HF soluticHi needs to be properly disposed. It is desirable diat 
die residual etchant is reused (recycled) to reduce die amount of the residual HF solution 
to be disposed of. 

Furdicimarc, since in die conventional etching process, die change in ccmcentraricn 
of die HF etchant is not considered when determining die etching end point (die etching 
time was determined by initial etching parameters), die glass substrates are not etched 
consistemly. Since die etching uniformity of die glass substrates depends on die variable 
concentration of die etchant as wcU as die diickness of die glass substrate, in order to 
control die resultant diickness of die glass substrate, it is necessary to correcdy measure 
die HF conccmration of die etchant used in die etching process and flexibly adjust die etch 



time accoiding to the HF concentration. However, it is difficult to measute the HF 
concentration periodically and correctly. Fuithennore, since the conventional etching 
apparatus cannot be used to etch a large number of glass substrates consistently, it cannot 
be used for mass production. 

Accordingly, the present invention is direaed to an etching apparatus that 
substantially obviates the problems due to limitations and disadvantages of the related art. 

An object of the present inveniicm is to ^vide an etching apparatus in which the 
etching solution in die residual etchant is not entirely discharged and most of the etching 
solution is recycled. 

Another object of the invention is to provide an etching apparatus that can 
automaticany deteimine the end point of the etching. 

Additional features and advantages of the invention will be set forth in the 
description that follows, and in part will be apparent fiom the description, or may be 
learned by practice of the invention. The objectives and othw advantages of the inventim 
will be realized and attained by the stmcture particularly poirued out in the written 
description and claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of die 
present inv«ati<Mi. as embodied and broadly described, die present invention provides an 
etching s^^paratus for etching a substrate including a first tank including a first etchant; an 
etch bath connected to the first tank and receiving the first etchant, the eteh badi 
containing a residual etchant including a diluted etchant and residue material after die 
substrate is etched witii die first etchant; a second tank receiving die residual etchant from 
the etch bath and separating die diluted etchant from die residue material; a connecting 



passage connecting the first and second tanks for transferring the separated diluted etchant 
ftom the second tank to the first tank; and an outlet pipe attached to the second tank for 
discharging the residue mateciaL 

In another aspect, the present invention provides an etching apparatus for etching a 
substrate with an etchant. including an etch bath adapted to receive the substrate into the 
etchant for etching the substrate; a temperature sensor installed in the etch bath for 
monitoring a temperature of the etchant while^the substrate is etched in die etch badi; and 
a control unit for receiving a signal indicating . the tenqwrature of the etchant from the 
temperature sensor and transmitting an etching termination signal to the etch bath-when 
the temperature reaches a predeterxnined temperature. 

Jn another a^ect, the present invention provides an etching apparatus for etching a 
substrate incbding a first tank inctading a first etchant; an etch bath connected to the first 
tank for receiving the first etcham and adapted to etch the substrate widi the first etchant, 
the etch both producing a residual etchant including a dilu^ etchant and residue material 
as a result of etdiing Ae substrate; a sqwuation tank adapted to receive the residual 
etchant from the etch bath for sqaiadng die diluted etcham from the residue material, the 
separation tank transferring the separated diluted etchant to die first tank; a rinse bath for 
cleaning the substrate diat is etched in the etch bath; a dry bath for drying the substrate 
that is rinsed at the ni^!»tKn^ wai^fo-the Jv: 

first tank; an etching sohitioa source for siq>plying an etching solution to the first tank; 

and a control imit for controlling the etch bath, the rinse bath, the 
and the sepaiation. tank. 

Ja another aspect, the present invention farovides an etching apparatus including a 
fiist tank for manufiicturing an etchant; an etch bath suppUed with the etchant ftom the 
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first tank for pcifonning an etching process; a second tank supplied with die residual 
etchant comprising residues resulting from the etching process from the etch bath for 
separating die residual etchant into die etchant of low concentration and die residues; a 
connecting pipe connected with die fiist and second tanks for conveying die etchant of 
low concentration from the second tank to die first tank; and a discharging pipe installed 
in die second tank for discharging die separated residues. 

In a ftmher aspect, the present invendon provides die etching apparatus including 
an etch bath for performing an etching process of substrates dipped into an etchant; an 
temperature sensor installed in the etch bath for measuring a first temperature ofthe 
etchant during the etching process; and a central control unit for reading the first 
temperature from die temperature sensor, comparing die first temperature with the 
second temperature preset and transmit a signal to the etch bath to stop the etching 
process if the first temperature matches with the second temperature. 

.r. ♦ 

It is to be understood that both the foregoing general description and the following 
detailed descripticm are exemplary and explanatory and are intended to ^vide further 
explanation of the invention as claimed. 

For a beuer understanding of the invention, an embodiment will now 
be described by way of example, with reference to the accompanying 
drawings, in which: 

FIG. 1 is a schematic view illustrating a conventional etdiing apparatus; 
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FIG. 2 is a schematic view illustrating an etching apparatus accoiding to a 
prefiared embodiment of the present inventira; and 

FIG. 3 is a flowchart showing the sequence of tht processes which is performed in 
an etching apparatus according to a preferred embodiment of the pnssem invention. 

Reference will now be made in detail to die prefened embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. 

FIG. 2 diows die schemadc constitution of an euhing apparatus according to a 
prefened- embodimem of die ptesem invention, to die etching apparatus shown in FIG. 2, 
an etch badi 20. a rinse batii 30, and a dry bath 40 are instaUed, and an oxide separating 
tank 13 and an etchantdfluting tank 12 are connected to the etch bath 20. Eachofdie 
etch bath 20. the rinse bath 30. die dry batii 40, the oxide separating tank 1 3, and die 
«chant dotting tank 12 is preferably formed of a teflon resin, fijr example, which is 
durable against acid sohitioDs. Each of diem is connected to a central control unit so diat 
they can be automatically opeate± 

Tlie et<A badi 20 for performing die etchi«g process of die substrates has a receptor 
(not shown in figure) ftjT receiving a cassette having slots in which substrates such as 
sealed glass panels are inserted. A bubble generating plate 27 for generating nitrogen 
bubbles is installed at die bottom of die etch badi 20 and is connected to a first nitrogen 
inlet pipe 22 connected to a nitrogen supply line 52. A temperature sensor 60. which is 
connected to die central control unit and measures die temperature of die etchant. is 
aisralledindieetchbadi20. Tlie cemral control unit receives data from die temperature 
sensor 60 to monitor die temperature change during die etching process and determine die 
etching end point of die etching process. 
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Hie etch bath 20 is connected to the etchant diluting tank 12 via an etdiant inlet 
pipe 21 and to an oxide separating tank 13 via an etchant outlet pipe 23. Hie etchant 
diluting tank 12 and the oxide separating tank 13 are connected to each other via a 
connecting ppe 17 inovided with a pump P3 for tiansfcning the etchant from the oxide 
separating tank 13 to die etchant diluting tank 12. Hie etchant diluting tank 12 is 
connected to an undUuted HF solution tank I I via an undiluted HF solution inlet pipe 16 
and to a DX vwtter supply line 51 via a first D.L wat« inlet pipe 14. The outlet pipe 19 
of the etchant diluting tank 12 and die outlet pipe 18 of the wiide separating tank 13 are 
respectively connected to a_discharging line S3. 

The rinse bath 30 is provided for rinsing the substiates diat are wet-etdied and has 
a receptor for receiving a cassette (not shown in the figure). A bubble generating plate 37 
fat gmeiadng nitrogen babbles used fisri^ diculatirai of die etchant is installed at the 
bottom of die etdi badi 30 and crameaed to a nittogan supply line 52 via a second 
nitrogen inlet pipe 32. Hie DX water supply line 51 is connected to the rinse badi 30 via 
a seamd DX wat« inlet pqie 34. A discharging pipe 39 for discharging die etchant used 
in die etching process is also connected to die rinse badi 30. The dischargii^ pipe 39 of 
die rinse bath 30 is conneaed to the discharging line 53 to discharge die eldiant. 

The dry badi 40, vrfiich is used to dry die sealed substrates after die etching and 
rinsing processes, has a receptor for receiving die cassette. A heater 48 for supplying heat 
to dry die cassette is instaUed at die sides of die dry badi 40. An IPA (isopropyl alcohol) 
supply line 45 lor supplying die IPA used in die dry process is connected to die dry badi 
40. On/off valves VI duough VIO are installed on die respective inlet pipes and outlet 
pipes to control die flows of fluids. A concentration measuring unit 15 is provided for 
measuring the concentratitm of the etchant in die etchant diluting tank 12. 
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Now. the operation of the present embodiment will be explained. As briefly 
discussed in the related art secdon above, SiO; in the glass substrates (60% of the glass 
substrate, for example) is dissolved by the HF solution in the etch bath and the rest of 
oxides in the glass substrate are melted into the etchant in the form of panicles. As a 
5 result* the thickness of the glass substrate is reduced. HF and SiOj react as follows: 
SiO, + 4HF - SiF4 1 + IBjO + (generated reaction heat) 
This is an exothennic reaction which pred(»ninamly occurs in die wet etch process of 
glass material in the HF soluticm. Jn general, the reaction energy of a chemical reaction is 
proportional to the mole number of the compounds involved in the reaction. Therefore* if 
10 a sufBcient amount of the HF solution is provided, the number of the mole of the SiCX is 
proportional to the reaction energy Q. As a result, the ^nal reaction raergy in the wet 
etch {xocess of the glass substrate can be used as a reference, from which the etched 
amount of SiO, in the glass substrate can be determined. 

The above concept is ^lied to the etching process performed in die aching 
15 apparatus of the present embodiment, as follows. 

The tempetatuie of the etchant is afifected by the reaction energy because the 
temperature of the etchant can be represented by, 

Q (Reaction Energy) » m (Mass of Etchant) x C (Heat Capacity of Etcham) x &t 
20 (Change in ibc tenq)ecatuxe of the etchant). 



Since the values of m and C do not fluctuate substantially during etching for a 
given initial condition, only the reaaion energy generated from the etching reaction 
changes the temperature of die etchant. Thus, if die change in die teiiq)erature of die 
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etcham is known, the reaction energy can be obtained. Therefore, the decrease in die 
thickness of the glass substrate and thus the etched thickness of the glass substrate can be 
derived from the temperature change of the etchant. 

To etch the glass substrate by a predetennined thickness, the reaction energy 
corresponding to the predetennined thickness is first determined, and the expected 
temperature change of the etchant are detemined. Using the expected temperature 
change, the temperature of the etching temunation point is determined as an end point 
temperature. Therefore* when the temperature of the etchant reaches the end point 
texxiperature during the etching, the central control unit transmits a signal to the etch bath 
to stop the etch process in die etch badL Here, the actual end temperature of the etchant 
in the etch bath 20 may be sensed. Alternatively, the temperature change based on the 
initial teaqperatore and the current teQq)erature may be sensed. Therefore, without direct 
reference to the concentration of the etchant, Le., HF solution, the etching end point is 
accurately determined by mcmitoring the temperature of the etchant 

Operation of dbe etching appaissm and the etching process of the embodiment will be 
explained with reference to FIG. 2 and 3. FIG. 3 is a flowchart showing the sequence of 
the process* which is perfom^ in the etching apparatus of the present embodiment. 

First, a cassette is positioned on the loader (not shown). Then , the valve VI on 
die undiluted HF solution inlet pipe:I6 is o^ed and die puxr^ W -is. activated, so that die, : * 
undiluted HF solution in die HF solution barrel 11 is sui^lied to die etchant diluting tank ' 
12. At die same time, die valve V3 on the first D.I. water inlet pipe 14 is opened in order 
to supply the DJ. water through the D.I. water supply line 51 to the etchant diluting tank 
12. As a result, die undiluted HF solution is diluted widi die D. L water. The amounts of 
die HF solution and D. L water are cmtroUed in such a way as to obtain a predetennined 
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concentration of the etchant Typically, the concentration of HF in the prepared etchant is 
about S to 30% and the undiluted HF solution has a concentration of about 40 to 60%. 
The concentration of HF in the piepmd etchant is measured by the concentration 
measuring unit IS in the etchant dihiting tank 12. Then, the valve V9 installed on the 
second DX water inlet pipe 34 of the rinse badi 30 is opened to fill the rinse bath 30 with 
the DX water in the DX water supply line 51 for preparing the etching process. 
Hiereafter, the heater 48 installed in die dry bath 40 generates heat energy and the IPA. is 
introduced in the dry bath 40 to set up a drying conditioiL 

Whm the preparation of the etchant is completed, the supply of die HF solution 
and DX water is stopped and die valve V2 on the etchant inlet pipe 21 is opened. 
Subsequently, a pump F2 is activated to fill the etch badi 20 with die etchant The 
cassette on die loader is then dipped into die etch badi 20 to start the wet etch process of 
the glass substrates loaded in the cassette. 

During this etching process, a nitrogen gas is supplied to the bubble generating 
plate 27 in order to enhance the etch process. The nitrogen gas supplied through the 
bubble generating plate 27 generates bubbles to stir the etchant. The nitrogen gas is 
continuously siqqplied into die etchant through the first nitrogen inl^ pipe 22 by c^)ening 
the valve V4 installed on the nitrogen su[^ly line 52 so diat die stirring of the etchant can 
continue throughout the etch process. Therefore, the bubbles are continuously generated 
in the etchant, and the circuladon of the etchant is established. Accordingly, the etch 
process of the substrate is enhanced. Moreover, since the circulation of the etchant 
continuously removes the residual oxides on the sur&ce of die glass substrate resulting 
fixim the wet etch process, the uniformity of the surfoce of the resultant substrates can be 
improved. 
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In the wet etch process, the etchant (the HF solution) and SiOi react with each 
other and the reaction energy is generated. Thiis, die temperature of the etchant in the 
etch bath 20 is raised. The temperature of the etchant is measured (or monitored) by the 
temperature sensor in the etch bath 20. The temperature data obtained by the sensor is 
constantly transmitted to the central control unit. Since the teaq>erature of the etcharu is 
raised according to the increase in the reaction energy generated by the etch process of the 
substrates, the temperature corresponds to the decrease in the thickness of the substrates: 
i.e., the increase in the etch thickness of the substrates. When the temperature of the 
etchant reaches the predetCTiined etching end point temperature, the central control unit 
transmits a signal to the etch bath 20 to terminate die etch process. 

If sttbsttates having the same material properties (such as glass substrates used in 
LCDs which have unifonn thickness) are dif^d into the etchant (HF solution) and the 
expected temperature dsanges during the etching process resulting ftom the material 
proper ti es are predetermined as described above* the uniform etching process is achieved 
without directly monitodng or controlling the concentration of the HF solutioiL Moreover, 
the enestgy genoated-by the etch process for removal of a unit thickness of the substrate 
can be derived (which depends <hi the size and constitution of die glass substrate). 
Accordingly, the thickness of the substrate can be easily controlled even if the number of 
the substrates to be etched is varied. 

When the etch process is completed, the etched glass substrates is conveyed to the 
rinse bath 30, and a rinse process is performed to clean the substrates. In the rinse 
process, the etchant and residues attached to the substrates are removed from the 
substrates using a spray and/or ultrasonic unit. 
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At the same time, the valve V6 on the outlet pipe 23 of the etch bath 20 is opened 
and the residual etchant in the etch bath 20 is discharged into the oxide separating tank 
13, By leaving die etchant in die separating tank 13 for about 30 minutes, oxide particles 
in die residual etchant is separated ftom die remaining HF solution of low concentration 
and precipitated in die lower portion of the tank 13. Hicn, die pump P3 is activated to 
transport die HF solution of low concentration in die upper pomcm of die oxkle separating 
tank 13 to the etchant diluting tank 12 tiuough die connecting pipe 17. Subsequcntiy, die 
valve VIO in die oxide separating tank 13 is opened, and die oxide panicles in die lower 
portion of the oxide separating tank 13 are disdiarged into die discharging line S3 
through die oudet pipe 18. Here, if die bottom portion of the oxide separating tank 13 has 
a cone or pyramid shape, the discharge of the oxide particles is frcilitated. 

In Older to reuse die HF solution of low concentraticm that is transported from die 
oxide separating tank 13 to the etchant diluting tank 12 as an etchant, the undiluted HF 
solution and D.I water are properly mixed wirii the HF solution of low concentration so 
diat die etchant of a predetermined concentraticm can be obtained When die etchant of 
the predetermined conc«iiration is obtained, it is supplied to die etch bath 20 to fill die 
etch bath 20. A new set of cass^tes are loaded in the etch badi 20, and a second wet etch 
process is started using the reeled etdiant 

Meanwhile, die cassette diat has been prcx»ssed in die rinse badi 30 is conveyed to 
die dry badi 40 and a dry process is pcrfonned. Tlie residual etchant removed ftom die 
substrates in die rinse process is discharged into die discharging line 53 tiirough outlet line 
39. Here, since die etchant discharged has die same volume as that in die rinse bath, the 
discharge of die etchant fiom die rinse badi 40 dirough die discharging line 53 feciHtates 
die discharge of die oxide particles from die oxide separating tank 13. 
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When the diy process is completed, the cassene is tzansfeired from the dry bath to 
the unloader (not shown in the figure) and separated from the unloader. 

As discussed above, a series of processes including etching, rinsing, and drying 
operations are sequentially performed, and the valves and pumps installed on the 
5 respective inlet pipes, outlet pipes, and connecting pipes are automatically operated. 

According to the present embodiment, the etching solution in the residual etchant is 
not entirely discharged and most of the etching solution is collected for reuse (recycled), 
by providing a device for purifying the residual etchant used in the etching process. Thus, 
the consumption of the undiluted etching solution used in composing the etchant can be 
10 considerably reduced Furthermore, by finding the etching end point in terms of a 

temperature diax^e in the etchant, it becomes possible to uniformly and consistently etch 
the g h^s substrates regardless of the concentration of the etchant. 

It ivill be apparent to those skilled in the art that various modifications and 
variations can be made in the etching apparatus of the present invention without departing 
15 from the spirit or scope of the invention. Thus, it is iruended that the present invention 
cov^ the modific?tio"y and variations of this invention provided they come within the 
scope of the appended claims and their equivalents. 
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1. An etching apparatus for etching a substrate, including an etch bath 
in which the substrate is etched by an etchant, means for recycling the 
etchant after use, and means for monitoring the temperature of the etchant 
during etching to provide an indication of the progress of the etching. 

2. An etching apparatus for etching a substrate, comprising: 
a first tank including a first etchant; 

an etdi bath connected to the first tank and receiving the first 
etchant, the etch bath containing a residual etchant including a diluted 
etdiant and residue material after the substrate is etched with the first 
etdiant; 

a second tank receiving the residual etchant from the etch bath and 
separating the diluted etchant from the residue material; 

a connecting passage connecting the first and second tanks for 
transferring the separated diluted etchant from the second tank to the first 
tank; and 

an outlet pipe attached to the second tank for discharging die residue 
material. 

3. The etching apparatus according to claim 1 or 2, wherein the etch 
bath includes a temperature sensor. 

4. The etdiing apparatus according to claim 1, 2 or 3, further 
comprising: 

a rinse bath for cleaning the substrate that is etched in the etch bath; 

and 

a dry bath for drying die substrate that is rinsed at the rinse bath. 
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5. The etching apparatus according to claim 2, 3 or 4, further 
comprising: 

an etching solution source for supplying an etching solution to the 
first tank; and 

a water supply for supplying water to the first tank. 

6. The etching apparatus according to claim 5, wherein the tlrst tank 
includes a first amount of the first etchant of a predetermined concentration 
from the etching solution, a second amount of the water, and a tfiird amount 
of the diluted etchantr 

7. The etching apparatus according to claim 5 or 6, wherein the etching 
solution includes HF solution. 

8. The etdiing apparatus according to any one of claims 2 to 7, wherein 
the first tank includes a concentration measuring device measuring a 
concentration of a resultant etdiant. 

9. The etching apparatus according to any one of claims 2 to 8, further 
comprising a pump connected to the connection passage for pumping the 
diluted etchant from the second tank to the first tank. 

10. The etching apparatus according to any one of cisdins 2 to 9, wher^juri 
the outlet pipe is connected to i b6ttOTfpf:the second tMUkfaind the buttbn^^. 
portion of the second tank has a cone shape. 

11. An etching apparatus for etching a substrate with an etchant, 
comprising: 

an etch bath adapted to receive the substrate into the etchant for 
etching the substrate; 
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a temperature sensor installed in the etch bath for monitoring a 
temperature of the etchant while the substrate is etched in the etch bath; and 

a control unit for receiving a signal indicating the temperature of the 
etchant from the temperature sensor and transmitting an etching termination 
signal to the etch bath when the temperature reaches a predetermined 
temperature. 

12. An etching apparatus for etching a substrate, comprising: 
a first tank including a first etchant; 

an etch bath connected to the first tank for receiving the first etchant 
and adapted to etch the substrate with the first etchant, the etch both 
produdng a residual etchant including a diluted etchant and residue material 
as a result of etching the substrate; 

a separation tank adapted to receive the residual etchant from the 
etch bath for separating the diluted etchant from the residue material, the 
separation tank transferring the separated diluted etchant to the first tank; 

a rinse bath for cleaning the substrate that is etched in the etch bath; 

a dry bath for drying the substrate that is rinsed at the rinse bath; 

a solvent supply source for supplying solvent water to the first tank; 

an etching solution source for supplying an etdiing solution to the 

r 

first tank; and 

a control unit for controlling the etch bath, the rinse bath, the dry 
bath, the first tank, and the separation tank. 

13. An etching apparatus according to claim 12, wherein the control unit 
controls the etch bath, the rinse bath, the dry bath, the first tank, and the 
separation tank such that each of the etch bath, the rinse bath, and the dry 
bath operates a corresponding process with respect to a plurality of 
substrates at substantially the same time. 
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14. The etching apparatus according to claim 12 or 13, further 
comprising a temperature sensor installed in the etch bath for monitoring a 
temperature of the first etchant while the substrate is etched in the etch 
bath, v^erein the control unit receives signals indicating the temperature of 
the etchant from the temperature sensor and transmitting an etching 
termination signal to the etch bath when the temperature reaches a 
predetermined target temperature to terminate the etching of the substrate. 

15. The etching qiparatus according to claim 14, wherein the control 
unit receives signals indicating the temperature of the etchant at start of 
etching the substrate in the etch bath and processes the signals to derive the 
predetermined target temperature of the etchant. 

16. The etching apparatus according to claim 12, 13, 14 or 15, wherein 
the first tank contains the first etdiant of a predetermined concentration 
from a mixture of die etching solution, the solvent water, and the diluted 
etchant. 

17. The etching apparatus according to any one of claims 12 to 16, 
further including a concentration measuring device installed in the first tank 
for measuring a concentration of the first etchant. 

18. The etching apparatus according to any one of claims 12 to 17, 
wherein tiie etching solution includes HF solution. 

19. The etching apparatus according to any one of claims 12 to 18, 
further comprising a discharge pipe connected to the first tank, the etch 
bath, the separation tank, and the rinse bath. 

20. A method of etching a substrate, including exposing the substrate to 
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a supply of etchant, monitoring the temperature of the elchant during 
etching to provide an indication of the progress of the etching, and 
recycling the etchant after use. 

21- An etching apparatus substantially as hereinbefore described with 
reference to and/or as illustrated in Fig. 2 and/or 3 of the accompanying 
drawings. 

22. A method of etching a substrate, substantially as hereinbefore 
described with reference to and/or as Ulustrated in Fig. 2 and/or 3 of the 
accompanying drawings. 



Graham Russdl 
8 June 1998 
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